Introduction
Currently, 37,000 chemicals are known to be present and used in the workplace in Korea (MOE 2002) , and 300 new chemicals are being imported each year. There are several millions of these chemical mixtures and products being manufactured and used throughout the workplaces in Korea (Roh 2000 , MOL 2000 . All these chemicals are essential in manufacturing various products in workplaces, but there are increase of occupational disease, fire, explosion, environmental contamination due to increase of chemical products production and lack of understanding concerning hazards and risks. Therefore, to prevent workers and people from suffering from accidents and diseases, 7 different Ministries have 12 different Acts to manage and regulate chemicals in Korea (Table 1) . Out of these 12 Acts, Toxic Chemical Control Act in Ministry of Environment focusing on people's health protection and environment preservation and Industrial Safety and Health Act in Ministry of Labour focusing on safe use of chemicals in workplace to protect worker's health are the key regulatory system in Korea. However, this article intends to focus on worker's health protection and chemical regulatory system in Industrial Safety and Health Act from industrial health perspective.
Based on the result of Work Environment Status National Survey in 1999, 20,557 (39.5%) companies, out of 52,070 manufacturing companies employing more than 5 workers, either manufacture or use chemicals. Considering the fact that this figure does not include manufacturing companies employing less than 5 workers and non-manufacturing companies such as construction worksite, actual number of companies exposed to chemicals will be tremendous (KOSHA, 2000) . The Ministry of Labour in Korea manages all chemical manufacturing and handling companies where workers may be exposed to chemicals by applying Industrial Safety and Health Act. However, 322 workers were diagnosed as occupational diseases caused by chemical exposure in Year 2002 (MOL, 2003 , and occupational disease caused by chemicals has been on the increasing trend for past three years (202 in Year 1999, 322 in Year 2000, 394 in Year 2001). Although the amount of circulating chemicals is increasing along with the increase in the level of technology and sophistication, and in size of domestic industries, the continuous increasing number of occupational disease cases caused by chemicals shows that our response to such increase is lagging behind.
Korea's first chemical regulatory system under Industrial Safety and Health Act was built using the model in Japan's Industrial Safety and Health Law since its enactment in 1981 with its adoption of exactly same chemicals regulated in Japan as banned substances, permission required substances, and work environment measurement required chemicals without any filtering. Since then, there were many concerns expressed by academia for previous chemical regulatory system not being systematic and not taking into account of unique industrial situation in Korea (Kim et al., 1999; Roh et al., 2000) . Figure 1 shows the chemical regulatory system being used in Korea until June 2003.
In response to new information about the health risk of chemical and concern expressed by academia, labor, and industry, chemical regulatory system under Industrial Safety and Health Act was completely restructured in 2003 to be more systematic and to meet the particular needs in Korea by adopting worker's chemical exposure status national survey and hazard · risk assessment system for all hazardous chemicals along with periodic risk review system for updating chemical regulatory system. The new chemical regulatory system classifies hazardous chemicals into five different categories: banned substances, permission required substances, regulated substances, work environment monitoring required substances, occupational exposure limit set substances. Along with it, the restructured regulatory system increased banned substances from 9 to 66, permission required substances from 8 to 14, regulated substances from 109 to 168, and work environment monitoring required substances from 116 to 191 based on the current chemicals usage status in Korea. Also, the Hazardous Agent Review Committee was created for the purpose of systematic chemical selection and assessment for its hazard and risk along with coherent chemical regulatory classification update based on its hazard-risk assessment results.
Revised Chemical Regulatory System

Hazard-risk assessment of chemicals
Recently, the hazard risk assessment system was introduced to assess the hazard and risk of domestically circulating chemicals, whose hazard and risk have not discovered, and to classify them into banned or permission required substances, regulated substances, or work environment monitoring required substances based on assessment results (Yu et al., 2000; Yu & Lee, 2002 ). This system is to find out the hazard and risks of chemicals through government-led toxicology tests and to publicize the test results. It does not impose any separate obligations on employers. In addition, the Good Laboratory Practice (GLP) system was introduced to secure the reliability of test data to realize the regulation of chemicals based on hazard and risk assessment. It is different from the ones implemented by the other Ministries in that it is focused on protecting workers from the physical and chemical hazards by establishing GLP standards on testing physical and chemical characteristics of substances.
Since the Ministry of Labour revamped its Industrial Safety and Health Act, the regulation of chemicals can be made in an organized manner based on the hazard · risk assessment. The Ministry now has the systematic mechanism needed to select key substances out of the many hazardous substances present in the workplace and conduct researches and assessment each year with the KOSHA, academies, research institutes, etc. to establish and revise related standards regularly.
First, the Hazardous Agent Review Committee identifies substances needed to be specially controlled from the existing 37,000 chemicals based on the result of hazard-risk assessment, in which case they are classified into five different categories: banned substances, permission required substances, regulated substances, work environment monitoring required substances, occupational exposure limit set substances for regulatory purposes. For the chemicals identified by the Committee as generally controlled substances, only MSDS and warning label obligations are imposed. With regard to new chemicals, hazard-risk evaluation is conducted first, and then if needed, detail assessment to determine the hazard and risk level is performed for classification into general or specially controlled substances. Figure 2 shows the revised chemical regulatory system.
Banned substances from manufacturing, etc.
Eight chemicals, known to be carcinogenic and to inflict serious health impairment upon workers such as β-Naphthylamine, have been prohibited from being manufactured, imported, and used in the workplace since Industrial Safety and Health Act enactment. However, there were many controversies over the clear evidence and reasoning behind its classification standard. In a response to that, the clear selection criteria for the strictly banned substances were set up. For the chemical to be classified as banned substances, it has to fall under any of the three following criteria. First, it has to be a substance proven to cause occupational cancer and identified as especially hazardous to worker's health. Second, it has to be a substance likely to cause significant health risk to workers based on the results of hazard · risk assessment under Article 39 or hazard-risk evaluation under Article 40 of Industrial Safety and Health Act. Third, it can be any substance likely to cause significant health risk to workers as determined by the Presidential Decree. If the chemical falls under any one of above criteria, it can be classified as banned chemical after the review of Industrial Safety and Health Policy Deliberation Committee set up by Article 7 of Industrial Safety and Health Act. Also, previous 9 prohibited substances were changed with 66 banned substances by adding Polychlorinated terphenyl (PCT) from International Labour Organization (ILO) Convention 13 (White Lead Painting Convention, 1921) and Prior Informed Consent (PIC) and 55 prohibited substances from Toxic Chemical Control Act (Table 2 ). However, legal import and restricted usage was granted for the further development of chemical industries if such banned substances are to be imported, manufactured or used for test or research purpose only under the appropriate laboratory condition after acquiring Labour Minister's permission in advance. 
Permission required substances for manufacturing, etc.
If anyone desires to manufacture, use, dismantle or remove any permission required substances such as asbestos, he/ she needs to obtain the permission from the Labour Minister in advance after equipped with appropriate facilities.
Permission required substances has the similar significant health hazard and risk to banned substances, but either its substituting material has not been developed or banning them entirely will cause significant effect to national economy and industry. Therefore, its selection criteria and procedure is same as banned chemical. Six new chemicals, determined to be carcinogenic by American Conference of Governmental Industrial Hygienists (ACGIH), were added to the list of permission required substances increasing the total number of permission required substances from 8 to 14. Also, based on the ILO Convention 162 (Asbestos Convention, 1986), it is now also required to obtain the permission from the Labour Minister in advance before demolition of plants or structures containing friable asbestos insulation materials and removal of asbestos from buildings or structures in which asbestos is liable to become airborne (Table 2) .
Regulated substances
Formerly, the country's regulated substances included 54 organic solvents, 53 Specified chemicals, lead, tetraalkyl lead, and dust similar to those under Japan's Industrial Safety and Health Law. However, some of those chemicals have never been manufactured or used in Korea, and others, which caused significant health risk to workers, were not properly regulated under the previous system. Therefore, the scope of regulated substances was revised to exclude those chemicals that have never been manufactured or used in the country and expanded from 109 to 168 chemicals by including chemicals that have caused occupational diseases and those which are likely to pose significant health risks to workers in case of exposure. In particular, in the fullscale revision of the Ministry of Labour Ordinance on Industrial Health, new chapter called "Prevention of Health Hazards caused by Regulated Substances" was added to specify detail requirement for employers such as appropriate facilities standard, management method, personal protective equipments along with separate chapters for banned substances and permission required substances (Appendix 1). Finally, one major change in the new regulatory system is its systematic classification of regulated substances into organic compounds (113), metals (23), acid and alkali (17), and gaseous agents (15) based on its characteristics unlike previous unclear classification method of organic solvents, specified chemicals, etc.
Work environment monitoring required substances and their management
Korean Industrial Safety and Health Act requires employers to monitor and evaluate the work environment of those workplaces where workers are exposed to hazardous substances and then to report its results to the Labour Minister every 6 month. Flexible monitoring period system was introduced recently to give incentive to employers to improve its workplaces on his/her own initiative. If any one of the monitoring results turned out to be exceeding occupational exposure limit (OEL) by 2 times (1 time for carcinogens), the monitoring period has to be shortened to every 3 month for entire workplace. On the other hand, if the monitoring results for entire workplace show that they are below OEL altogether two times in a row, the period can be stretched out to 12 months.
The scope of work environment monitoring required substances was revised and expanded to include a total of 191 substances, which is composed of 168 regulated chemicals, 14 permission required chemicals, 6 dust-causing materials, metal working fluid, noise, and heat (Appendix 2). In addition to its expansion of chemicals, workplaces subject to monitoring were also expanded from indoor spaces to include outdoor places to protect workers working outside of buildings from exposure to chemicals.
Workplaces exceeding occupational exposure limit are specially managed by compliance officers in the regional and area Labour offices throughout the country until the work environment is determined to be improved significantly. Along with the strong compliance, the pubic corporation, Korea Occupational Safety and Health Agency (KOSHA), provides needed technical assistance to small and mediumssized enterprises with limited capacities in manpower, facilities and expertise.
Establishment and revision of occupational exposure limit for chemicals
With regards to 698 chemicals that can cause harm to workers, the Ministry of Labour establishes and notifies occupational exposure limit (OEL) in workplaces. The OEL is different from the Permissible Exposure Limit (PEL) by the Occupational Safety and Health Administration (OSHA) in the United States, which is used as a legal regulatory measure in that country. Rather, it is a recommendation in terms of its legal status in Korea, serving as a standard for work environment improvement, drawn up on the basis of work environment monitoring results. However, if the workplace is determined to be above OEL, the employers have to take the considerable measures such as the installation Industrial Health 2004, 42, 99-110 and improvement of facilities and equipment for the protection of the worker's health. One important advancement in Korea's industrial health in 2003 is that the OELs on asbestos and benzene were dramatically strengthened to 0.1 fiber/cc (from 2 fiber/cc) and 1 ppm (from 10 ppm), respectively, starting from July 2003 after the consensus among labor, management and government due to the increased health risk of exposure, including cancer occurrence amongst workers handling these chemicals.
Material safety data sheets
The Material Safety Data Sheets (MSDS), which was implemented in July 1996, was designed to secure the right of workers handling chemicals to know the hazard and risk of those substances. It was expanded to include workplaces with fewer than 5 employees in August 2000. The purpose of the MSDS is to inform workers of the hazard and risk of chemicals through announcement, education, and warning labels and to provide information to enable workers to promptly respond to unexpected accidents and protect themselves. For the MSDS system to take its root in the country, large-scale training efforts, targeting employers who manufacture, import, or use those substances, are being made, and pamphlets to provide information about the system are published and distributed to relevant workplaces every year. In addition, in order to help employers draw up the MSDS, a Korean MSDS for about 50,400 chemicals out of all substances circulating in the nation was built into a database and is being provided via the internet homepage for free of charge.
Hazard-risk evaluation for new chemical
The purpose of hazard · risk evaluation of new chemicals is to prevent domestic workers, who handle hazardous chemicals imported indiscreetly from developed countries, from being exposed to health risks. Hazard and risk of new chemical are evaluated before manufacturing or import, and its evaluation results are notified to the concerned employers to take appropriate protection measures for workers in advance. This evaluation system is not a post factum regulation system, which seeks remedies after occupational diseases and other social problems occurred by new chemicals. It is a system focused on the prevention of occupational diseases by regulating new chemicals in advance. From the start in July 1991 to November 2003, a total of 2,120 new chemicals have gone through the evaluation (Table 3) .
Work environment status national survey
The national survey is conducted every 5 yr to gather basic data for establishment and enforcement of industrial health measures in accordance with the comprehensive occupational disease prevention plan enacted by the Ministry of Labour in 1991. The 1 st survey was conducted in 1993 on 52,522 manufacturing companies with more than 5 employees, which are insured to an industrial accident compensation insurance. The 2 nd survey was conducted on 52,070 companies in 1999, 6 yr after the 1 st effort, due to the financial crisis in 1998. The areas of survey included are the general state of workplaces, work process flow, its safety management status, hazardous · dangerous machinery and equipment possession status, and the status of handling chemicals, and the actual workplace visit survey was in principle performed. Survey results were structured to allow continued modifications and supplements by using the newly developed database program. With the scope of the Industrial Safety and Health Act expanded to include workplaces with one or more employees from August 2000, a work environment status national survey is planned for manufacturing companies with one or more full-time employees in 2004.
Future Tasks & Research Direction
As the scope of chemicals regulated under the Industrial Safety and Health Act was revised and expanded recently, the Chemical Information Card (CIC), which provides an one-page summarized information about the hazards and risks of chemicals and the handling precaution of these substances to help worker's understanding about the chemicals they are dealing with, was developed for each specially controlled chemical and distributed to relevant workplaces. In addition, as compensation for damage issues between the labor and the management are likely to occur a lot because of the insufficient descriptions and explanations in Material Safety Data Sheets (MSDS) and warning labels 
